In areas of intensive agriculture, wild plant species are confined to field margins, thus they play a role in protecting biodiversity. The aim of the present study was to assess plant diversity in an area of intensive viticulture and to evaluate, for the first time, the impact of field margins on vineyard flora biodiversity. The study was conducted in North-West Italy, were five categories of floristic lists in vineyard-margin pairs were sampled and compared. Five margins were identified: grass-covered (A) and bare (B) headlands, small (C) and wide (D) woodlands, and shrub and herbaceous (E) areas. Two hundred and fifty-two taxa were found, although only 19 were widespread. Differences among categories emerged, highlighting the high floristic complexity of the sites surrounded by wide wooded areas (D). The findings suggest an influence of margin size, in addition to margin type, on the floristic richness of the vineyard. Moreover, an inverse relationship between species richness and both the presence of Poaceae and the degree of soil grass coverage emerged. Enhancing biodiversity, at landscape and field level, by the appropriate management of cover crops and ecological infrastructures, within and around vineyards, could be a strategy in sustainable viticulture. The increase in plant species richness is not an end in itself, but it might help to promote biodiversity at different trophic levels.
INTRODUCTION
Areas dominated by intensive agriculture have shown, in the last decades, a simplification of the agro-ecosystem (Benton et al., 2003) and a consequent decrease in biodiversity (Tscharntke et al., 2005; Krauss et al., 2010; Flohre et al., 2011; Winqvist et al., 2011; Postma-Blaauw et al., 2012) associated with agricultural management (Kleijn & Snoeijing, 1997; Longley et al., 1997; Benton et al., 2002; Schmitz et al., 2014a) . Many of these areas are characterised by strong crop specialisation (monoculture) and by a decrease in semi-natural habitats; in these circumstances, field margins are the only habitat in which it is possible to find various wild plant species. They could play a key role in protecting and enhancing the biodiversity of the agrosystem (Marshall & Moonen, 2002 ) that, in turn, provides several ecosystem services that contribute to pollination, natural pest control and soil fertility (Zhang et al., 2007) .
The abundance, richness and diversity of biotic populations (e.g. beneficial arthropods) within an agrosystem are, however, highly dependent on the area's plant community richness (Altieri, 1999) , even if they may vary within the cultivated field, also because plant species richness decreases from the edge to the centre of the field (Debras et al., 2008; Thomson & Hoffmann, 2009; Poggio et al., 2013; Molina et al., 2014) . The species richness (plants and arthropods) and abundance that normally are observed in the edges occur mainly in more stable conditions with richer resources within semi-natural habitats, rather than in productive fields (Marshall & Moonen, 2002) . In an anthropic area, field margins may correspond to a wide range of natural or anthropogenic structures (Greaves & Marshall, 1987; Burel, 1996; Marshall & Moonen, 1998; Schmitz et al., 2013) . The capacity of field margins to contribute to ecosystem biodiversity conservation depends on the complexity of the agro-ecosystem, the margin size and the agricultural management strategy adopted in the adjoining fields (Bäckman & Tiainen, 2002; Socher et al., 2013; Schmitz et al., 2014b) . Large field margins have a wider species richness and density than narrow margins, but unfortunately, in intensely cultivated areas, narrow field margins predominate, and margins narrower than three metres are thought to be unable to protect wild communities (Hahn et al., 2014) .
Over time, the impact of agricultural management leads to a change in the composition of the plant community, even in the field margins, and also causing a loss of biodiversity (Schmitz et al., 2014a) . However practices more respectful of biocenosis, such as those employed in organic farming, seem to ensure a greater plant species richness in cultivated and surrounding areas (Aude et al., 2003; Hole et al., 2005; Damgaard et al., 2014) . This increase in biodiversity promotes, in turn, more effective biological control in heterogeneous landscapes (Bengtsson et al., 2005; Winqvist et al., 2011) .
Among crops, vineyards may play an important role in preserving agro-ecosystem biodiversity, as they are permanent and heterogeneous systems with a multi-strata design (Simon et al., 2010) , where vine rows alternate with potentially undisturbed strips, or at least less disturbed when compared with annual crops or orchards (Bruggisser et al., 2010) . The potential contribution of vineyards to increasing agrosystem biodiversity, and plant diversity in particular, however, depends on the landscape characteristics, the adopted agriculture strategy (i.e. conventional, integrated, organic) (Nascimbene et al., 2012) and the management and characteristics of neighbouring areas (Thomson & Hoffmann, 2009; Simon et al., 2010) . These are some of the reasons why conflicting results emerged from the few studies on plant diversity in vineyards (Gago et al., 2007; Bruggisser et al., 2010; Nascimbene et al., 2012; .
The role of field margins in vineyards has been investigated even less (Thomson & Hoffmann, 2009 ). In areas characterised by intensive agriculture, organic farming promoted plant species richness within the vineyard and in the adjacent grass strips, while no effects were observed on the surrounding margins (Nascimbene et al., 2012) .
Other studies (e.g. Bruggisser et al., 2010) state that no differences exist between organic and conventional vineyards regarding plant species diversity and abundance in the grass strips. However, there is evidence that cover crop management (i.e. mowing vs. mulching, mowing frequency, fertilisation, tillage, chemical weeding, sowing) has a strong impact on natural plant coverage (Gay et al., 1998; Gago et al., 2007; Nascimbene et al., 2013; Trivellone et al., 2014) .
The impact of margins on vineyard biodiversity may be different according to the margins' physionomy: the wooded ones have been found to play a positive role in promoting the presence of beneficial arthropods and in encouraging both parasitism and predation phenomena, whereas the herbaceous ones were found to have no effect on arthropod communities (Thomson & Hoffmann, 2009) .
Piedmont (North-West Italy) is one of the most important Italian regions for wine production: 2.86 million hl of wine and 50 737 ha of vineyards (Regione Piemonte, 2009 ). The Langhe is an intensively cultivated hilly district of this region where Barolo, one of the most prestigious and lucrative Italian wines, is produced. According to the technical production policy, this wine may be produced in only eleven municipalities where viticulture represents the main crop, with precisely 83% (1 046 ha) of the utilised agricultural area (UAA) in three municipalities and 42% (2 983 ha) of the UAA in the other eight (Sistema Piemonte, 2014) .
Due to the high economic value of production, and against the trend in neighbouring viticultural areas, the vineyard surface in the area of Barolo production has increased by about 6% in the last six years. In this framework, the natural or semi-natural vegetation is restricted to small, scattered forest patches or uncultivated areas, and biodiversity loss is more and more likely. Some growers are starting to create some sort of ecological corridors close to the vineyards to stimulate entomofauna propagation. However, even the maintenance of grassy areas within the vineyard (typically the inter-row spaces) may be useful to preserve or increase agro-ecosystem biodiversity, in addition to ensuring countless other agronomic and ecological services.
But what are the variables that can help achieve this goal? It has been highlighted that field management techniques and geographic features may influence vineyard plant species richness (Passarelli & Pirola, 1990; Dujmović Purgar & Hulina, 2004; Monteiro & Moreira, 2004; Gago et al., 2007; Bruggisser et al., 2010; Nascimbene et al., 2013; Trivellone et al., 2014) . Only a couple of studies have considered the impact of margin type on arthropod communities (Debras et al., 2008; Thomson & Hoffmann, 2009 ) but, to our knowledge, no study has considered the possible margin effect on the diversity of vineyard flora.
In analogy with some observations made on arthropods, our hypothesis was that the surrounding environment may influence the diversity of flora within vineyards. Therefore, if the management of the field margins is addressed specifically it could be useful for conserving and/or improving biodiversity (vegetal and animal), even in very specialised agrosystems. Considering the importance of biodiversity from an ecological, agronomic and economic point of view, and also its vulnerability, especially in intensively cultivated areas, the study was carried out with a dual objective. The first was to provide information about the richness and composition of the flora in the poorly-explored Langhe viticultural ecosystems (vineyards and their adjoining margins), also in comparison with other wine-growing areas. The second was to discover the influence the type and size of margins have on the diversity of vineyard flora to support the importance of creating and maintaining infrastructure around vineyards that are able to promote agrosystem biodiversity.
MATERIALS AND METHODS
The study was carried out on a surface of 80 km 2 in the Langhe wine-growing area (Piedmont, North-West Italy) and precisely in the Barolo production zone (administrative epicentre 44°36'31.99"N, 7°56'24.79"E, 326 m above sea level); this is a temperate area where the main annual meteorological values for the period 1996 to 2014 were, on average: annual rainfall 833 mm, maximum temperature 17.9°C, minimum temperature 8.1°C. Nebbiolo mainly is cultivated in this area; vines are vertically shoot trained; the canopy height is around 180 cm; and vineyard density is on average 4 000 plants/ha. Vineyard surface ranges from 0.3 to 2 ha according to the great extent of dividing up property that is typical of the study area. Vineyard soil is usually tilled in alternate rows and alternate years during the autumn-winter season; in the growing season the natural grass is allowed to grow spontaneously in the inter-rows and mowed regularly, whereas under the vines the soil is bare or irregularly covered by grass according to the soil management technique, tillage or chemical weeding (fall-spring glyphosate).
Plant Diversity in Vineyards
The study was carried out on 33 sites; in each site we considered both commercial vineyards (V) and their adjoining margins (M). Vineyards were selected according to the type of surrounding margin (see below). Grass sowing was not used in any of these vineyards.
Since the vineyards presented homogeneous spontaneous vegetation, three to five plots, with a total surface of 200 m 2 , were randomly distributed depending on the surface occupied by the margins and vineyard in each site. In each plot, all vascular plants were sampled; the plant coverage (i.e. the percentage of soil covered by grass estimated as the portion of soil occupied by the perpendicular projection of the aerial part of the plants) was also estimated in the vineyards. Samplings were conducted once between the vine phenological stages of flowering and véraison in 2014. Plant species were identified according to Pignatti (1982) . Nomenclature followed Conti et al. (2005) .
To achieve the first objective of the study, data were analysed to highlight the most frequent species occurring in the Langhe winegrowing sites, i.e. those found in at least 50% of the surveyed area (vineyards or margins). We also present the species shared between our list and the few available lists drawn up in other winegrowing areas. The available studies deal with Valtellina, North-West Italy (Passarelli & Pirola, 1990) , the Jastrebarsko area in North-West Croatia (Dujmović Purgar & Hulina, 2004) , West-Central Portugal (Monteiro & Moreira, 2004) , North-Western Spain (Gago et al., 2007) , Northern Switzerland (Bruggisser et al., 2010) , North-Eastern Italy (Nascimbene et al., 2013) and Southern Switzerland (Trivellone et al., 2014) .
In order to estimate the impact of the margin type and size on vineyards biodiversity (second objective), five categories of vineyard-margin pairs (named "category" in the text) were identified a priori, taking into account the specificity of the area: A) vineyards interspersed with headlands transited by tractors and coupled equipment along the contour lines and usually grass covered (n = 10); B) vineyards interspersed with headlands transited along the maximum hill slope gradient, highly disturbed and almost devoid of vegetation (n = 14); C) vineyards flanked by small (average surface 0.6 ha) portions of wooded unmanaged areas that are quite far from being natural (n = 6); D) vineyards bordered by large (average surface 1.3 ha) unmanaged woods close to natural environmental conditions (n = 6); and E) vineyards flanked by small (average surface 0.06 ha) shrub and herbaceous areas (n = 4).
Both the floristic profile and the total number of species found in each vineyard-margin category (A, B, C, D, E) and within vineyards or within margins were recorded, regardless of whether they were shared between the vineyard and the margin or not.
In order to explore potential differences between categories related to the floral composition of the vineyards and margins, analysis of variance (ANOVA) was carried out on the variables identified to characterise the sites. These were: the species number in the vineyard and in the margin, the number of shared species, the percentage of exclusive species (to the vineyard or to the margin), and the percentage of vineyard soil covered by grass. To assess the significance of differences, the Duncan test was used. Multivariate principal component analysis (PCA) was afterwards performed on the same dataset. Both statistical analyses were performed by means of SAS Software (SAS Institute Inc., Cary, NC, USA).
Finally, the vineyards and margins of each category were characterised according to other variables, such as the percentage of tree species, Poaceae, and typical species (i.e. species frequent in and exclusive to the considered category), calculated on the basis of the total number of species. The percentages of Poaceae and tree species were calculated as an indication of the degree of soil coverage and the structure of the plant communities respectively. The number of typical species was calculated as an indication of the degree of diversity and peculiarity of the plant community surveyed in each category -the higher the value, the more typical the plant assemblage. The frequent species value indicated the level of homogeneity of flora within the category -the higher the value, the more homogeneous the vineyards or margins within the same category.
RESULTS
A total of 252 plant species were found in the investigated area: 177 (belonging to 42 families) in the vineyards and 195 (belonging to 54 families) in the margins. These species were differently distributed among the sites. Despite the high number of recorded species, only 19 species occurred frequently in the vineyards. Seven of these also were frequent in the margins (Table 1) . Fifty species, 12 of which were frequent in the vineyards in Langhe, had also been sampled in other winegrowing districts of different geographic areas (Northern Italy, North-Western Croatia, West-Central Portugal, North-Western Spain, Switzerland) ( Table 2) .
For each category, the species occurring both in the vineyards and in the margins were identified (Table 3) ; the shared species varied to a great extent, depending on the category, from 2 in B to 19 in E.
The total number of species sampled in all vineyardmargin pairs was calculated, separating the vineyard richness from that of the margins (Table 4 ). The species richness in the A, B and D vineyards (V) was around 120 species, whereas in C and E the value was less than half that. Considering the margins (M), the richest were C and D, with 121 and 125 species respectively, whereas the value decreased dramatically in B (28 species). The total species richness of the categories was very variable, particularly considering the richest category (D, with 175 species) and the poorest one (E with 96 species). Since the shared species were counted only once, the higher their number, the greater the difference between the arithmetic sum 'V + M' and 'T'.
Looking at the results more deeply, some differences emerged among categories when average values were considered (Table 5) . Concerning vineyards, a significantly higher species richness was recorded in D (46 species) with respect to B, C and E (27 species) where the lowest values were observed; an intermediate amount was found in A (33 species). In the margins, the greatest species richness was observed in C, D and E (42 species on average); A and B showed significantly lower values (20 and 5 species respectively). These two values were the lowest even when compared to the other margins or to their own adjoining vineyards. A significantly lower number of shared species was recorded in B (4 species) when compared with A, D and E (16 species on average). In C, an intermediate situation was observed (10 species). As far as exclusive species are concerned, the E vineyards showed a significantly lower percentage (31%, on average), while the B vineyards showed a significantly higher percentage (86%, on average), consistently with the few species sampled within the margin and the poor grass coverage of the margin itself.
On the basis of these variables, the principal component analysis (PCA) distributed the 33 sites on the plane defined by the two first principal components (Prin 1 and Prin 2), which together explained 76% of the total variance (Table 6) ; the identifiable groups were quite similar to the preset ones (Fig. 1) . PCA well separated the B category from the others and, in particular, from D and E, which had richer margins and a greater number of shared species (Table 5 ). The sites in the A and B categories, which were more dispersed on the plane, especially along Prin2, were less homogeneous than the other three, especially regarding vineyards species richness and grass coverage of the soil (variables associated with Prin 2) (Table 6 ). Conversely, the limited dispersion of the C and D sites along Prin2 highlighted their great homogeneity in relation to the V species' richness and degree of coverage; the latter variable achieved the maximum value in the C vineyards (Table 5) , despite their limited species richness. The E sites, on the other hand, were the most homogeneous regarding the margin species richness. As emerged from the PCA, the V species richness and the degree of grass coverage were inversely proportional with each other.
The extraction of variables from the complete floristic list of each category revealed other differences (Table 7) . In A, D and E, a similar percentage of shared species (42%) was observed, but, in the D and E margins, the percentage of exclusive species was higher (31 and 47% respectively), even though their species richness was very different (125 vs 86, Table 4 ). In the A and B margins, which were limited to the headlands, the percentage of exclusive species was very low; in the first case, many species were in common with the vineyard, and in the second the margins were very poor. According to the percentage of frequent species in the A and B categories, both margins and vineyards were very heterogeneous; in contrast, the E category was the most homogeneous. The composition of flora in both the A and B margins and vineyards was not particularly typical; in contrast, those of the E margin and D vineyards were the most distinct. The C and D margins showed the highest percentage of tree species and the lowest of Poaceae, which, in turn, were more diffused in the A, B and E margins and vineyards. Some tree species were also recorded in the A and E margins, but none in the B margins. The D vineyard hosted very few Poaceae, while the number recorded in the C vineyard was similar to that found in the A and E vineyards (Table 7) . DISCUSSION A total of 252 infrageneric taxa were identified in the Langhe vineyards and their adjoining margins. This is quite similar to the data reported in studies analysing the vineyard habitats as a whole in Switzerland (259 vs 252) and in Eastern Italy (211 vs 252). The plant richness recorded only in the vineyards (177 species, 33 sites) was comparable with that (Gago et al., 2007) , e) Northern Switzerland (Bruggisser et al., 2010) , f) North-Eastern Italy (Nascimbene et al., 2013) , g) Southern Switzerland (Trivellone et al., 2014) .
FIGURE 1 Distribution of the sites in the Cartesian coordinate system included in the first two principal components (Prin 1 vs Prin 2) obtained from a model with six variables (see also Table 6 ). Δ = A; ▲ = B, ♦ = C; • = D; ◊ = E (the centroid of each group is identified by the largest symbol).
reported in other studies carried out in Italy (Nascimbene et al., 2013: 141 species, 25 vineyards) . The plant richness seems lower than that recorded in Switzerland (Bellosi et al., 2013: 441; Trivellone et al., 2014: 259 in 48 sites), but these studies adopted a slightly different methodology and the studied vineyards were terraced, and this human-shaped infrastructure may have contributed to the conservation of a greater number of species.
As far as vineyard flora are concerned, a certain similarity, probably due to climatic affinities, was found between the Langhe area and some sites in the Alps and PreAlps: 96 of the found taxa (equal to 38% of our flora list) are in common with Valtellina (North-West Italy) (Passarelli & Pirola, 1990) , and 103 (equal to 40% of our list) with Southern Switzerland (Trivellone et al., 2014) .
In the Langhe area, Asteraceae (16%) and Poaceae (12%) were the most predominant families (Table 1) , as also reported in other areas (Bellosi et al., 2013; Dujtmović Purgar & Hulina, 2004) . Convolvulus arvensis and Taraxacum officinale were the most frequent species, both in the vineyards and in the margins. Veronica persica, Trifolium repens and Trifolium pratense were sampled in around 80% of the vineyards, but not in the margins: these are species often recorded in vineyards, irrespective of the soil management techniques used (mowing, contact herbicides, systemic herbicides) (Dujmović Purgar & Hulina, 2004; Gago et al., 2007) . Some alien species are present in the checklist for the Langhe area, among them Conyza spp., sampled in over 52% of the vineyards, and the most frequent in the area.
Eighteen of the 19 most widespread species (Table 1) were also present in the list of species shared between vineyards and their margins (Table 3 ). D and E were found to share the highest number of species; among them several were typical of these types of margins. For example, Rubus spp., Hedera helix and Hypercum perforatum, present only in the D sites, are typical of woodland habitats, and others, such as Cynodon dactylon, Setaria ambigua and Bromus hordeaceus, present in high percentages only in the E sites, are typical of agro-or natural prairies. These observations may indicate an important role of structured margins in increasing plant species richness in the vineyard and ensuring more stable ecological conditions. Only seven species occurred in all types of margins ( Table 1) , showing that the margin flora are far more heterogeneous than the vineyard ones. This is what makes these flora interesting to identify, also in view of evaluating their possible contribution not only to the biodiversity of the entire agrosystem, but also to that of vineyards.
In the A, B and D vineyards, a similar total number of species was counted (Table 4) , but the average number was definitely higher in D (Table 5) ; the margins of the same categories showed greater heterogeneity, both as total (Table 4) or average (Table 5 ) number of species, indicating a prominent role in promoting biodiversity. The A and B margins were both constituted by headlands: the A margins were generally grass covered, whereas the B margins were almost completely bare because of more disturbance by the manoeuvring of crawler tractors, which typically are used in slope vineyards. The most stressful situation, which emerged in B, promotes soil erosion and discourages the establishment and development of plant species. The grass coverage of the A margins, however, was not sufficient to allow a floristic richness, even comparable to the one found in D (76 vs 125 species). As was to be expected, the B margins were absolutely the poorest (28 species). In the D category, the abundance of species (175), together with the total and average values of the margins (125 and 43 respectively) and vineyards (120 and 46 respectively) (Tables 4 and 5) , revealed a high floristic complexity of sites surrounded by wide wooded areas. The percentage (26%) of frequent species (detected in at least 50% of the situations), and the percentage of species typical of these margins (25%) ( Table 7) , also revealed their heterogeneity and the complexity of this environmental context. 
TABLE 4
Total number of species recorded for each category (T) and plant species richness within vineyards (V) or within margins (M), regardless of whether they were shared. When the total plant richness of C and D (both examined in six sites), as well as vineyard richness (143 vs 175 and 60 vs 120 respectively, Table 4) were considered, large differences between categories emerged (Fig. 1) , whereas a similar number of species was detected in the margins when the average value (42 , Table 5 ) or the total species number (123, Table 4 and Fig. 1 ) was taken into account. Conversely, the number of species exclusive to the margins was higher in C (Table 5 ) (76% of total species) than in D (60%). The D margins showed a high number of species shared with their adjacent vineyards (Table 5) . These, in turn, had a greater species richness when compared not only with the C vineyards, but also with all the others (Table 5) . Since the C and D margins differed in the size of the wooded area, but not in the percentage of trees (19% of total species sampled) or Poaceae species (13% of the total) (Table 7) , the differences observed between them suggested a possible influence of the margin size, in addition to the margin type, on the floristic richness of the vineyard. In addition to giving this ecosystem more structure, the bigger size of the margins could have had a marked influence on the microclimate of the adjacent vineyards. It is known, in fact, that the presence of a wood can induce a greater "freshness", even in the neighbouring environment, by reducing temperatures and system evapotranspiration; this cooler environment would be suitable to the development/spreading of a richer floristic community. The high percentage of species typical of the D vineyards (35%) may confirm this hypothesis; in fact, it was higher than all other vineyard categories, while it was less than 10% on average (Table 7) . Some of these species were found only in the vineyards, others also in the margins; among the latter, some were more frequent in the margins (Hedera helix, Hypericum perforatum, Rubus sp.), some in the vineyards (Blackstonia perfoliata, Bromus sterilis, Leucanthemum vulgare and Setaria viridis), and others were found with the same frequency in both (Lactuca serriola and Quercus spp.). It can be assumed that, under these conditions, some species can easily colonise surrounding habitats (from margin towards vineyards and vice versa). We therefore can assume that the first three species mentioned above, typical of forest environments, found a favourable environment even in the vineyards, so they "migrated" from the margin towards the vineyards, and those normally present in meadows followed the opposite path.
Despite a similar species richness in the C, D and E margins (Table 5) , the profile of the flora varied to a great extent; in the E margins, in fact, Poaceae and tree species represented 20% and 5% of the total number of species respectively; conversely, in C and D, tree species represented about 19% and Poaceae about 12%. The lowest degree of coverage (62%) and the lowest presence of Poaceae (13%) were observed in D vineyards. In contrast, the C vineyards, despite the high coverage (89%, Table 5 and Fig. 1 ), were particularly poor in species, probably due to the high presence of Poaceae (20% of the total species, Table 7 ). Since the Poaceae species have a high capacity for coverage, it could be assumed that, when dominant, they prevent the growth and spread of other species, thus reducing the variability of the floral composition. Nevertheless, where their diffusion is avoided, numerous other species may grow, although the degree of coverage is reduced.
The predominance of Poaceae and the minor influence of the reduced-size margin would lead to an impoverishment of vineyard biodiversity. A similar situation was observed in the E vineyards, where a high number of species shared with the margins was counted (10.5 and 17.3 for C and E respectively, Table 5 ), despite a limited species richness in the latter (121 and 86 for C and E respectively, Table 4 ). This shows an important equilibrium between the vineyards and margins, in addition to a high homogeneity in flora among the vineyards themselves (the frequent species were 54% in E and 36% in C) ( Table 7) .
Even in the herbaceous margin of E, as well as in the vineyard, a high percentage of Poaceae occurred (20 and 22% respectively), confirming the hypothesis that their abundance (Table 7) hinders the floristic diversity of the system (Table 4) . According to other studies (Gago et al., 2007; Bruggisser et al., 2010; Nascimbene et al., 2012; , the low number of species in vineyards may also depend on the herbaceous cover management techniques: an excessive number of cuts, or very low cutting height, impede the flowering and spreading of some species and promote or prevent the vegetative spread of others. The E category was rather poor, both in general terms and as number of species in the vineyard (Table 4) ; a great homogeneity among the E vineyards was observed, since more than 50% of the identified species were frequent species ( Table 7) .
The typical situation in the study area is represented by vineyards exclusively surrounded by headlands, such as the A and B categories. The lowest value of total species richness was found here, and this also decreased drastically in the headlands, especially in the B category (Tables 4 and  5 , Fig. 1) . However, the flora of these vineyards -with only 18% of frequent species -was very uneven, as also shown in the dispersion of the sites in the PCA plot (Fig. 1) .
Since only non-seeded vineyards were considered, the differences within vineyards, both in composition and in species number, may depend on external influences, such as the type of vegetation surrounding the vineyard (i.e. margins) or soil and grass management, as shown in other studies (Gay et al., 1998; Gago et al., 2007; Brugisser et al., 2010; Nascimbene et al., 2012; . In this area, in fact, grass may be permanently maintained or removed by autumn or spring tillage, and the intensity and number of shreddings in spring-summer can vary. Since high homogeneity was observed in some vineyard categories (D and E), despite similar grass management, it might be possible that more structured and larger margins also contribute to maintaining a certain level of homogeneity, not only between margins and vineyards, but also within the vineyards (Malcevschi et al., 1996) .
CONCLUSIONS
This study has provided an in-depth description of the richness and composition of flora in the intensively cultivated agroecosystem in Italy's Langhe winegrowing area, emphasising wide similarities with other European viticultural areas. The findings confirm that plant species richness and flora composition may depend on grass coverage management, but also strongly suggest that more complex margins may improve the composition and stability of flora in the neighbouring vineyards. Apart from that, wider wooded margins, promoting fresher microclimatic conditions in the adjoining vineyards, proved to contribute more than any other margin to the preservation and enhancement of biodiversity in this agro-ecosystem.
Biodiversity needs to be protected, and possibly enriched, for its enormous ecological, agronomic and economic value. The increase in plant species richness, in fact, is not an end in itself, but might help to promote biodiversity even at different trophic levels. To enhance biodiversity and viticultural sustainability at the landscape and field level, several strategies could be applied, two of which emerged from our findings. The first concerns the application of proper cover crop management, and the second concerns the creation and maintenance of ecological infrastructure within and around vineyards, such as grass strips within vineyards (i.e. interrow spaces) and large wooded areas surrounding them.
